Expression of urokinase-type plasminogen activator (uPA) by malignant cells correlates with an aggressive phenotype, including increased invasiveness, tumor-associated angiogenesis, and metastases. Plasminogen activator inhibitor type 1 (PAIT-) is undetectable in cells of some aggressive malignancies, but present in the stroma of tumor-associated microvasculature. This analysis of an athymic mouse model of prostate carcinoma further defines the role of the uPA/ PAI-1/plasmin system in primary growth and metastasis. A marked increase in PAIT-expression was induced in clones of the aggressive human prostate carcinoma line, PC-3, by stable transfection. Primary PC-3 tumors, in mice, were significantly smaller when derived from PAIT-expressing versus control cells. PAIT-expression reduced the density of tumor-associated microvasculature by 22-38%. Microscopic metastases were quantitated using stable expression of the chromogenic label (/3-galactosidase) in control and PAIT-expressing cells. PAIT-expression resulted in a significant inhibition of lung metastases, and liver metastases. Expression of PAIT-by malignant prostate cells resulted in a less aggressive phenotype, presumably by inhibition of uPA activity, suggesting pharmacologic or molecular inhibition of uPA activity as a potential therapeutic target.
Introduction
Components of the plasminogen-plasmin system including urokinase-type plasminogen activator (uPA),' tissue-type plasminogen activator (tPA), and their inhibitors, plasminogen activator inhibitors 1 and 2, (PAI-1 and PAI-2), are found in many 1 . Abbreviations used in this paper: PAI, plasminogen activator inhibitor; tPA, tissue-type plasminogen activator; uPA, urokinase-type plasminogen activator.
tumors and tumor cell lines (1) (2) (3) (4) . uPA mediates extracellular proteolysis, indirectly by generation of plasmin from plasminogen, or by direct proteolysis (5, 6) . In a number of malignancies, uPA-mediated proteolysis promotes tumor cell invasion and metastasis. In animal models, inhibition of uPA activity by chemical agents such as amiloride (7, 8) , or by specific antibody (9) , resulted in impaired tumor growth and metastasis. uPA (but not tPA) expression is a negative prognostic parameter, predicting invasive phenotype in human prostate (10) , colon ( 1, 12), brain ( 13) , breast ( 14, 15) , and lung (16) (17) (18) tumors.
PAI-1 inhibits the fibrinolytic activity of uPA, and extracellular matrix degradation by certain malignant cell lines (19), but it is unknown if PAI-1 expression may also inhibit the tumor-associated uPA activities in vivo. Earlier observations had paradoxically shown that the expression of PAI-I in whole tumor extracts predicted an aggressive phenotype in human brain (13) , lung (18) , and breast cancer (14, 15) . More recent detailed immunohistochemical analysis showed that the PAI-1 did not localize to the aggressive malignant cells, but was found in vascular endothelial cells and other host stromal cells (20) . Those findings were consistent with the concept that PAI-1 protein in aggressive tumors represents a marker for tumorassociated angiogenesis. The current study was designed to test the hypothesis that induced expression of PAI-1 by malignant cells may result in in vivo inhibition of uPA with reduced tumorassociated angiogenesis and metastases.
Previously published studies of prostate carcinoma suggest that the levels of uPA correlate with an aggressive and invasive phenotype (21, 22) . PC-3 is an aggressive human prostate carcinoma cell line with high expression of uPA and low expression of PAI-1, while another cell line, DU-145, has an indolent phenotype with less uPA expression and higher PAI-I expression (21) (22) (23) . This study used an in vivo model of prostate carcinoma, utilizing an athymic mouse model of genetically altered PC-3 tumors, to prospectively modulate PAI-I expression in primary tumor growth, tumor-associated angiogenesis, and metastases.
Methods PC-3 cell culture. A human prostate carcinoma cell line, PC-3, was chosen for its aggressive tumor phenotype and for its expression of uPA. PC-3 cells were obtained from Dr. James Kozlowski (Northwestern University), and all cell culture was in RPMI-1640 media supplemented with 10% fetal bovine serum, penicillin ( 100 U/ml), streptomycin ( 100 pg/ml), in 5% CO2 at 370C. PC-3 subclones were derived from passaging at single cell density, to create a genetically homogenous population and reduced random phenotypic variability for subsequent analysis. Of numerous subclones, PC3A was selected based on its high expression of uPA and low expression of PAl-1, comparable to the parent population. PC3A cells were used for subsequent transfection experiments.
uPA and PAI-I antigen levels. uPA and PAI-M antigen levels were determined by ELISA using the commercial Biopool Tintelize kits (Medical Diagnostic Technologies, Inc., Ventura, CA). uPA activity was assayed using a commercial chromogenic assay with the Chromolize kit (Biopool; Medical Diagnostic Technologies, Inc.). With this method, all uPA in test samples were bound to a monoclonal antibody against uPA on microtiter plates. Single-chain uPA was converted to two-chain form by plasmin. We performed tests both with and without this step to determine both the single-chain and the two-chain forms. (Fig. 1) and ELISA for PAI-1 ( Table 1) . The ELISA was performed on lysates and conditioned media from cell aliquots, cultured in serumfree media for 24 h. PAI-1 antigen levels were normalized to cell number.
Production of /3-galactosidase-expressing clones. To allow for the early detection of metastases an additional PC3 subclone was derived by lipofection-mediated cotransfection with a 10:1 molar ratio of pCMV-,/Gal and pSV2a3.6. pCMV-,3Gal induces prokaryotic /3-galactosidase activity (27) allowing transfected cells to be readily identified in vivo, by staining with the chromogenic substrate X-Gal (28). pSV2a3.6 induces the expression of the alpha-chain of murine Na+/K+-ATPase, resulting in resistance to ouabain (29) , and allowing for selection of stable clones. One clone (PC-3//3Gal, clone Q) was selected for subsequent analysis as it stained uniformly positive for X-Gal, and was morphologically and phenotypically indistinguishable from the parent PC-3 line. PC-3/,/Gal-Q had similar levels of uPA, uPA-receptor, and PAI-1 as the parent PC-3 cells (data not shown). Because PC-3/,fGal-Q was selected with ouabain (2 X 10-8 M), subsequent transfection utilizing G418 selection could be performed. PAI-i/Ko-Neo cotransfection was performed on PC-3/,/Gal-Q cells, as described above, also with a Ko-Neo control transfection. The Tintelize PAI-1 ELISA was used to confirm PAI-1 expression in PC3/,3Gal-Q-derived clones. PC3/,/Gal-Q-derived PAI-l-expressing and control clones were maintained in both 2 x 10-8 M ouabain and 400 pg/ml G418 to maintain expression of both /3-galactosidase and PAI-1.
In vitro analysis of clones
In vitro cell proliferation assay. Cell titer 96 AQ assay (Promega Corp., Madison, WI) is based on a tetrazolium compound, (3-(4,5-dimethylthiazol-2-yl) -5 (3-carboxymethoxyphenyl) -2-(4-sulfophenyl) -2H-tetrazolium, inner salt (MTS or Owen's Reagent) and a coupling reagent, phenazine methosulfate (PMS) being bioreduced by viable cells to form a formazan which is soluble in tissue culture medium. The method is nonradioactive, requires no washing or cell harvesting nor solubilization of the dye formed, so it is ideal for not disturbing cell attachments during any part of the growth or assay procedure which might lead to loss of cells to be counted. Briefly, cells in each of the transfected clones are trypsinized, counted by hemocytometer with viability confirmed by trypan exclusion, and plated as 0.2 ml of 104 cells/ml in serum containing maintenance medium into 96-well tissue culture plates in a format of 12 replicates/clone, and control wells, 6 each containing PBS and medium alone, respectively. A border of wells containing PBS serves to humidify and eliminate contamination during the incubation periods at 37TC and 5% CO2. Day 0 is assayed before attachment is complete to confirm equal plating at the beginning of the 6-d experiment. The following procedure is repeated at the same time each day on day 1, 3, and 6: 40 Ml dye mixture (0.1 ml PMS + 2.0 ml MTS) is added to each well, using a multichannel pipette, and incubated under tissue conditions for 2 h. Before reading, the plate is tapped gently to distribute the dye produced by the living cells and is read at 492 nm in a Titertek Multiscan Plate Reader (Titertek, Elfa Oy, Finland). After day 6 the average ±SD for each cell line for each day was calculated and graphed as a comparison to each of the cell lines grown.
In vitro invasion assay. A modified Boyden chamber (30), the Biocoat Matrigel Invasion Chamber system (Collaborative Biomedical Products, Becton-Dickinson, Bedford, MA) was used in a 24-well tissue plate format, containing 12 inserts, each of which has a 3-cm2 polyethylene terephthalate membrane, 8 um pore size, precoated with Matrigel basement membrane matrix at a thickness of 125 cm2. The Matrigelcoated membranes are rehydrated using 0.25 Ml serum-free culture medium (0.1% BSA in RPMI-1640) added to the upper chamber and incubating at room temperature for 1.5 h. Cells are prerinsed with incomplete PBS and detached from tissue culture vessels using 1 mM EDTA in incomplete PBS, pH 7.4 at 370C for 10 min. They are then counted by hemocytometer and 2 X 105 cells plated in the upper chamber. A 1:50 dilution of Matrigel in serum-free medium (0.5 ml) was added to the lower chamber to act as chemoattractant. Each cell line was assayed in triplicate. To compare our clones for their potential invasiveness via the plasminogen-plasmin system, human plasminogen (1 jsg/ I04 cells per well) was added to the upper chamber. Plates were incubated humidified at 30TC and 5% CO2. After 24 h the upper chamber medium was removed, the filter swabbed clean to remove all cells which had not invaded the membrane, rinsed with PBS, and fixed with two changes of cold methanol. The cells were stained with eosin-methylene blue. The membrane was then cut off the insert well and mounted with Aquamount with the underside of the membrane facing up. Cells were counted in five high power fields (400 magnification) and reported as average number per high power field.
Gel electrophoresis and zymography. Samples were electrophoresed in the presence of SDS under denaturing but nonreducing conditions in 10% polyacrylamide gel (SDS-PAGE) using the Laemmli buffer system (31) . Tissue extract samples were equalized when loaded on the gel according to protein concentration, conditioned medium, and cell extracts according to cell number. The method of Grannelli-Piperno and Reich (32) was used for zymography. Briefly, after SDS-PAGE, gels were washed twice for 20 min with 2.5% Triton X-100 in Tris 0.1 M Tris/HCl, pH 8.1, and layered over agar gel containing casein (2% wt/ vol) and plasminogen (20 ,g/ml). The plasminogen activator diffused into the agar gel, converting plasminogen to plasmin and resulted in caseinolysis. To differentiate uPA from tPA, other than by molecular weight positions 1 mM amiloride (Sigma Chemical Co., St. Louis, MO) was included in the agar gel which specifically prevents the action of uPA but not of tPA. To distinguish human uPA produced by the tumor cells in the xenografts and the mouse uPA monoclonal antibody against human uPA (American Diagnostica Inc., Greenwich, CT) at 10 ,g/mI was incorporated in the casein-agar gel. This goat antibody against human uPA did not inhibit the murine uPA which also had a lower molecular weight than human uPA on SDS-PAGE. To differentiate single-chain from two-chain uPA, samples were first pretreated with 10 mM diisopropyl fluorophosphate (DFP) (Sigma Chemical Co.) for 30 min at room temperature before SDS-PAGE. DFP inhibits the two-chain but not the single-chain form of uPA so the absence of a fibrinolytic band confirms the sample as containing two-chain uPA. Urinary uPA containing both high molecular weight and low molecular weight forms of two-chain uPA was used as control. After incubation at 370C for 4-25 h, zymograms were photographed under dark ground illumination.
Identification of inhibitors (PAI-i ) was made using reverse zymography by incorporation of uPA into the gel to lyse the background, leaving the inhibited regions unlysed. The Shigematsu (36) and Eriksdotter-Nilsson (37). The respective stained histologic sections were analyzed by the image analysis system (Quantimet 570; Leica Inc., Deerfield, IL) using a magnification of 250. At this magnification, the size of the measured area was 0.09 mm2. Ten 0.09-mm2 fields of tumor devoid of necrosis were examined.
The intensity of neovascularization was determined by two methods. The number of vessels stained positive for collagen type IV was counted in 10 fields of 0.09 mm2 and the mean and SD calculated. The area within each of these 10 fields that stained positive with laminin was also measured by the image analysis system. Analysis of metastases. Gross examination as well as routine hematoxylin and eosin staining failed to reveal detectable metastases through 8 wk. To facilitate detection and quantification of micrometastases, a PC3 subclone, (PC-3/,3Gal-Q), was derived by cotransfection of pSV2a-3.6 and pCMV-,fGal. PC3I/,Gal-Q stained uniformly positive in vitro with the chromogenic substrate, X-Gal (29) , and exhibited comparable expression of uPA and PAI-I as the parent PC3 line (data not shown). Utilizing the same transfection and selection procedure as above, PAI-I expressing subclones and control subclones were derived from PC-3//lGal-Q. PAI-l/f3-Gal and Ko-Neo/f1-Gal subclones were inoculated subcutaneously, (1 X 106 cells per mouse) into 3-4-wk-old male athymic mice.
A modification of the X-Gal staining method of Gossler et al. (28) was used to detect 13-Gal positive cells in vivo in the primary and potential metastatic sites. After the killing of the animals, the thorax was exposed, and intracardiac perfusion of -10 ml of an ice-cold solution of 0.2% gluteraldehyde and 2% paraformaldehyde in PBS for tissue fixation. 1 ml of the same fixative was also injected intrabronchially after the trachea was ligated. The primary subcutaneous tumor and various organs including the lungs, liver, kidneys, spleen, and brain Ko-Neo Control PAI-i Figure 1 . Table I ) while the uPA antigen (1, 835 ng/106 cells/24 h) was comparable to the other Ko-Neo and PAT-i transfected clones. This clone, designated Ko-Neo B, was the only Ko-Neo clone to express sufficient PAI-1 to yield a uPA-PAI-i complex on zymography (Fig. 2) and therefore was independently evaluated to determine if endogenous PAM-also could alter the primary growth.
In vitro analysis of PAI-I-expressing PC-3 clones
Effect ofPAI-I expression on PC-3 proliferation in vitro. Based on the MTS assay, there was no significant effect on prolifera- (Fig. 2) . In addition, the uPA-PAI-l complex was demonstrated in the conditioned media from PAI-i-transfected clones, while this complex was not observed in conditioned media from Ko-Neo controls. The tumor extracts from both PAI-l-transfected and control clones both exhibited the uPA-PAI-1 complex. The uPA-PAI-1 complex was also observed in the conditioned media of the spontaneous PAI-1 expressing Ko-Neo B clone, although weaker than in the PAI-i-transfected clones.
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In vitro analysis ofinvasion. Using the commercial modified Boyden chamber (Biocoat Matrigel Invasion Chamber System; Collaborative Biomedical Products, Becton-Dickinson) to measure invasion in vitro, the number and fraction of invading, transfected cells was found to be unaffected by PAT-i expression, when compared with control cells. The Study ofprimary tumors. In the first series of animals, each group consisted of three independent clones, inoculated into four athymic mice per clone. After subcutaneous injection of the cell suspensions, palpable tumors were detected in all the animals at the site of injection, but with variable growth rates (Fig. 3) . Tumors derived from the PAI-1 clones were smaller and grew slower than those from the control Ko-Neo clones. The difference in sizes were more noticeable in the first 3 wk and the differences maintained till death at 6 wk.
When killed at the end of 6 wk, the size of each tumor corresponded to the external palpation measurements. Gross examination failed to reveal metastases in any of the control or PAI-i -expressing mice.
Tumor homogenates were assayed for PAI-1 and uPA antigen, although the data are limited in that some of the tumors, derived from PAI-i -transfected clones, were too small for analysis. When Using the chromogenic functional assay, both the singlechain and two-chained forms of uPA were measured in the tumor extracts. Although, both single-chain uPA and two-chain uPA were detectable in the extracts, no significant differences were observed between the control and PAI-I expressing tumors (data not shown).
Histologic studies. Histologic observations revealed the presence of poorly differentiated carcinoma in tumors of both Ko-Neo and PAI-I clones. There were morphologic differences in that there were fewer necrotic areas, less mitosis (1-2 per high power field) and less vascularity in the PAI-1 tumors. In the Ko-Neo control tumors, large areas of necrosis, a high mitotic index (3-4 per high power field), and increased vascularity were seen.
To quantitate tumor-associated angiogenesis, computer-assisted image analysis of these parameters were carried out by techniques described in the Methods section. Immunostaining for collagen type IV and for laminin revealed a small decrease in vascular density in the PAI-I clones (Table II, P < 0.02 in both cases). The decrease in vascular density may reflect inhibition of tumor-associated angiogenesis by PAI-1.
Analysis of "spontaneously" PAI-I-expressing PC-3 clone. In the course of our initial transfections, one controltransfected clone was derived, designated Ko-Neo B, which was observed to express elevated levels of PAI-I compared to other control clones. This clone was analyzed separately from the other control clones, which maintained the trace PAI-1 expression of the wild-type. Tumors failed to grow in five of six athymic mice after inoculation of 106 Ko-Neo B cells. In the one animal in which Ko-Neo B grew, the primary tumor was of comparable size to the other control clones.
Study of metastasis. To detect and quantitate the effects of PAI-1 on metastasis, the animal experiments were repeated, using the PC-3/,/-Gal-Q-derived clones. In preliminary experiments, using PC-3/,/-Gal-Q cells in athymic mice, metastases were detected in the liver and lung at 6 wk. Thus further in vivo analysis in athymic mice involved two PAI-i/,6-Gal- The primary subcutaneous tumor and multiple organs were removed and frozen sections stained with X-Gal. No metastases were identifiable at time of dissection, or by routine hematoxylin and eosin histologic staining. In contrast, X-Gal staining revealed important differences in the development of micrometastases between the PAI-i -expressing and control clones.
The most common metastatic site was the lung, followed in frequency by the liver (Figs. 4 and 5 , Table Ill ). While occasional metastases were found in the kidney, spleen, and brain, these were too infrequent to allow for meaningful analysis. The number of metastatic lesions in each respective organ was quantitated by a blinded observer. Six frozen sections of each target organ were examined and the number of metastatic lesions were counted in 10 low power fields (magnification of 100). Metastatic sites appeared to consist of 1-10 cells, with the majority of three cells or less. The thickness of the sections (10 jm) and the overlapping X-Gal-positive cells made precise determination of the number of metastatic cells per site difficult. 17.3±1.6% (n = 3) P < 0.05 P < 0.05
Collagen IV and laminin immunohistochemistry revealed reductions in microvascular density in tumors derived from PAI-I expressing subclones, compared with control subclones. Data are expressed as mean±SEM.
Therefore, the data were quantitated as number of sites per area, independent of the number of cells per site.
The results of lung metastatic counts are shown in Fig. 5 . It can be seen that the PAI-I clones produced significantly less lung metastasis than control clones. There were no differences between the incidence of metastases amongst the three Ko-Neo control clones, and metastases were observed at both time points in all Ko-Neo controls. Only one metastasis was observed in a single PAI-1 mouse at 4-5 wk, and no metastases were observed in all other PAI-I -transfected mice.
A similar analysis was performed to quantitate liver metastases. Because of the smaller number of metastases, results were scored as one or more metastases present per 10 low power fields. A significant reduction in liver metastases was observed by PAI-1 expression at 4-5 wk, and when all time points were analyzed (Table III) .
Discussion
The present work is a prospective analysis of the role of PAI-1 activity in cancer-associated growth and metastasis. Many prior publications have indicated a correlation between high levels of uPA in human breast (14, 15) , colon (11, 12), lung ( [16] [17] [18] , and prostate (29) cancers and an aggressive phenotype. However, a causal relationship has not been established.
In our prospective in vivo study, we created subclones of the aggressive human prostate cancer line PC-3, which differed from control clones only in the expression of PAI-1, a physio- logic inhibitor of uPA activity. In our animal model of tumor growth, the specific inhibition of uPA activity by increased expression of PAI-I resulted in several phenotypic changes. (a) There was a reduction in the size and rate of growth of the primary tumor; (b) tumor-associated angiogenesis was inhibited as evidenced by the reduced microvascular density in the tumor; (c) the number of microscopic metastatic lesions in the lung and liver was reduced. There are several potential mechanisms by which PAI-1 alters the aggressive phenotype. The catalytic activity of uPA initiates the sequential enzymatic activation of plasminogen and latent metalloproteinases resulting in pericellular matrix degradation and enhancing cell migration and tumor cell invasion. uPA is present in many tumors, either produced by the tumor cells or by adjacent stromal cells. It is less susceptible to inhibition by PAI-1 when bound to its receptor on the cell surface (38) . PAI-i will form a complex with uPA located either in the pericellular environment or bound to the receptor (39) . The uPA-PAI-I complex is then internalized and degraded. Thus a balance is maintained between uPA and PAI-I activities under physiologic conditions. In the case of tumor cells where increased uPA is present, the excessive uPA activity contributes to the tumor aggressiveness through increased pericellular proteolysis. In our experimental model, an increased production of PAI-I by the tumor cells would tilt the balance towards a greater inhibition local tumor growth. Likewise, the impaired pericellular proteolysis, mediated by PAI-1, led to reduced tumor invasiveness and metastasis.
In our model of human prostate cancer cells in an athymic mouse, the uPA-receptor and PAI-1 are of human source, while the uPA is a mixture of human (PC-3 produced) and mouse (host produced). As the mouse uPA may have reduced affinity for the human uPA receptor, this may reduce the PC-3-bound uPA, and augment the PAM-effect.
Analysis of the in vivo behavior, within the group of PAI-1-transfected clones, failed to reveal a consistent correlation between tumor size and PAM-levels. Of note, the PAM-A clone had the lowest level of PAM-antigen in the conditioned media, and yielded the fastest growing primary tumor. However, PAI-1 I clone had only slightly more PAI-1 antigen and yielded the slowest growing tumors. This suggests the PAI-I antigen levels may incompletely reflect the effects of the PAI-1 transfection.
We further took advantage of a spontaneously PAI-I-expressing PC-3 clone, Ko-Neo-B, to independently substantiate the effect of PAM-expression on primary tumor growth. Because of the unknown nature of the mutation or other mechanism, by which clone Ko-Neo-B was induced to express PAI-1, it was analyzed separately from the PAI--transfected clones and the control clones. The resultant suppression of primary tumor growth was more profound than the PAM-transfectants, disproportionate to the levels of PAI-1 antigen measured. This may reflect differences in the posttranslational activation of PAM-protein between Ko-Neo-B and the PAI-i-transfected clones, or may reflect that a series of alterations in phenotype were present in Ko-Neo-B, which had an additive effect on the tumor growth and invasion.
Several attempts were made to define, in vitro, the phenotypic effects of PAI-I transfection, which may have contributed to the difference in primary and metastatic growth. The MTS assay for cell proliferation indicated there was no difference in the proliferative rate, when cells were grown in isolated culture. Furthermore, the Boyden chamber assay for tumor cell invasiveness did not reveal reduced invasion through the Matrigel filter by the PAM-expressing clones. This discrepancy from the in vivo observations, may reflect that the uPA role in invasion and metastases involves one or more other constituents, not present in this in vitro invasion assay. In previous studies, we found that exogenous PAI-I does indeed inhibit Matrigel invasion by PC-3 cells, but the concentrations required exceeded the concentration obtained in the conditioned media of our transfected cells (40) . Utilizing zymographic analysis, the PAI-1 -transfected clones exhibited an additional uPA band, consistent with development of a uPA-PAI-i complex in the conditioned media, thus confirming the bioactivity of the PAMproduct.
Angiogenic activity also reflects the balance between uPA and PAM-expressions (41) . uPA, stimulates components of angiogenesis in normal and malignant tissue models. This stimulation includes chemotaxis, proteolytic matrix degradation, and the release of basic fibroblast growth factor from its storage in the basement membrane that in turn can accelerate angiogenesis (42) (43) (44) (45) . Thus an increase in cellular expression of PAMwould be expected to inhibit angiogenesis. The decrease in microvascular density in the high PAI-i-expressing tumors, although by only 22-38%, is consistent with this concept.
In our experiments, a ninefold increase in PAI-1 expression by the malignant PC-3 cells in vitro, resulted in a twofold increase in tumor-associated PAI-1 in vivo. This led to a favorable phenotype, and thus helps to address the apparent paradox that a high PAI-1 content in the homogenates of human tumor samples of brain, lung, and breast malignancies has been observed to be a poor prognostic indicator (13) (14) (15) 18 (20) . Based on our current study, the inverse correlation between tumor cell expression of PAM-and aggressive phenotype may be causally related.
The inhibition of uPA activity is therefore a potential target for pharmacologic or gene transfer approaches in the management of prostate cancer. Aprotinin, epsilon aminocaproic acid, and tranexamic acid are agents currently available as inhibitors of the uPA/plasmin system and would be candidates for possible in vivo study. Additionally, gene transfer experiments may be used to evaluate possible benefits of hyperexpression of PAI-1 in tumors.
